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laming, I. S. Fuels and Lubricants (12) 20713 
Bellman, 9. B. Analysie and Testing (8) 

Fuels, Antiknock - Teetln* (k2622);       HK-S6L05a 
Fuel additives (kSSkfO);  Fuels - Antiknock agents - 
Effectiveness, (te*63.8?) 

Knock-limited powsr outputs from a CFR engine ualng internal coolants. III - 
four alkyl — Inaa. three alknnolanlnes six amides, and sight heterocycllc con 
pounds 

latlcnal Advisory Committee for Aeronautics, Washington, D. C. 

I 

U.S. Xng. Bsatr.   rsb'U,  lp tables, graphs 

Investigations wsrs conducted to determine the antiknock effectiveness of SI addltive- 
vater solutions uaad aa lntamal coolants in conjunction with AH-F-28, rtsencmsnt-2, ,fual 
in a modified CIS angina. It was found that thrss alkyl amines, six amides, and six 
heter©cyclic compounds ralaad ths knook limit of the baas fuel nor* than an equivalent 
amount of water at aoat of the fuel/ftlr ratios. Ithanolamln* and 2-amlno-2-metbyl-l-pro- 
panol raiaed the knosk limit at fuel/air ratios greater than 0.093* The £1 compounds In- 
vestigated mare less proficient In raising the knock limit then monomethjlamtne. dlmeth- 
ylamlne, and ethylenedlamlne, which had been tested previously. 

•OB: Bequests for copioe of this report suet he addressed tot I.A.C.A., Washington 
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RESEARCH MEMOiiAITOM 

KNOCK-LEOTED PCWER OTOTCTS FROM A CFR I2KJIME USIHG 

IMTERNAL COOT.AHTS 

III - FOUR A1IOL AM1JFS, THREE AZJCMXMCDBB 

SIX AMIDES, AHD EIGHT IBIHUUfGLXO OGKPOUIDS 

By Tarry 3« Iraning and Doneli R. Bellman 

SUMMARY 

Investigatl ->ii3 were conducted to determine the anti'.inock 
effectiveness of various additive-water solutions used as internal 
coolants in conjunction with AK-F-26, Amondraont-2, fuoj   'n a 
modified CPP. engine,    Be ah internal-coolant solution was injected 
at a coolant-fuel ratio of 0.50 and contained 70-parccnt vater and 
30-percent ty voi£;ht of each of the following crrapsundo: 

Al^yl MdaM 
Isopropylariino 
Ioohutylamino 
tert-Butylun'ne 
M-momylanine 

AT.tanolaainos 
Ethanolaaine 
Diethanolanine 
2-An!no-2-::-.eii?iyl-l-propanol 

Amides 
Fornnmide 
N-Etliylforucnido 
M-Ethylacctca:de 
II-Ethylpr opi onam i.de 
II, H-Dimothylforjamido 
U,H-T>iethylacotaraide 

RESTRICT];!) 
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Hater* cyclic cmpounds 
2,2-DJr.ethylothyl eni ralne 
Mcrplniino 
Pyridino 
2 •Mrthylpp* id ine 
S-Metlr/lpiTi-Mne 
4-Moth;-ip.a,i<lina 
2, G-Pi;..ethyli}yrid Is* 
S-Vinyipyridlno 

Ror.ults of investigations are al30 presented for AT7-F-28, 
Arend'r.ent-2, fuel run vith no internal coolant and Tri.Lh water alono 
ao the internal coo\ant at coolant-fue^ ratios of 0.30 and 0,50. 
Tliroo of tho allcyl amines, the six ar^des, and six jf the hater©* 
oycl'o compounds rained the knock Unit of the bc.30 fuel luoro than 
an equivalent otount of water at mo3t of the fuol-air ratios investi- 
gated. Ethcjnia;iine and r —Ino T imwtTqrl 1 prnjannl raised tho knock 
limit more thin an equivalent am>-i'nt of water at fuel-air rat3 ~JU 
greater than 0.033. The 21 OcajBooaAa ir.veptlfated wro  less effectiva 
in raising tha knock limit than non'>r-othyj.ar!.ir.o, dinethyiaminc, and 
othylcnedlatino, Which wore praviously investigated. 

IIJTEOIXTCTICU 

An in/eatifca'jicn ^f the antiknock .jffoctiveness ttf various 
additive-vater soiuticm when ucod aj internal oaolaBta has been 
conducted at the TIACA Cleveland laboratory. Iline compounds have baen 
previously run in a CFF. ongina and the results arc prWMBbad in ref- 
erences 1 to 3. Of the nine confounds, rjon.-methylaB-.ino, dime'hylaiiins, 
und othylf.nedlaciine permitted J;ho greatest increr.ee3 in knuok-llaltod 
power, Frora considerations of tho physical properties, however, tha 
us9 of thoso compounds as Internal cjolont3 wvald bo restricted. For 
example, monocwtK/lndaa and diaet}-ylBBino are gaaesua at room tenpor- 
ature and !.avo Halted solubilities-, in water. Hthylonadianino, ao 
veil as mpnon6thy.Lar.iino and Girwthylauine, is corrosive in contact 
with coppor. 

In an offort to find a r,o >d antiknoci-coolant additive with more 
deairablo physical properties than tho3o of th-s nino compounds 
previousl;- investigated, i.-atcr nolutions of f j ;r alkyl atinen, three 
aU&tnolainines, six amides, and eight ketorocyclic co'.apo-.'ndn wore 
investigated and t!ie results ara prosantsd. 

KTSTF.-ICTED 
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IICTEHNAT, COOIAHTS AMD BASK FUSL 

Faoh additivo-wator solution contained 50-percettt additive by 
weight. Boiling points and a^lubilltioa of the pure additlvus arc 
proannted in the following table: 

j'fcy.-.icar  prip'.Tc'o3 

Additive jEolllnc 
'. paint 

Solubility 

Water 'AlcoholiBthor 
Ali:yl cminos 

Isopropylatino 
IeobutylaMlno 
tert-Butylmilm 
MonoouylQEiind 

(aixjd  iaoueij) 

34 
60 
46 

54-11C 

o 
m ! as 

Aikanoiauin08 
I?thanolaminc 
IWethanolariiny 
2-Amino-2-i jet yl-l-Tirjpan ?I 

172 

ier, 
ca 

I   V33 
1    83 

Aniideu 
Fonarjnide 21.L 1     * i m aa 
H-Bthylfonjaaldo 1S3 _e 1 ro er 

K-Ftiiylacetanido 20ri |      a, '• 'JO   
N-Ethylpropl aamld o° 
11, li-Dinetliylf oruaE. ido 155 I 

i    " j 3 a 
II, H-DlothylM .-tanide 167 0 j 3 • L.       . 

Brtaroeyolio occpounla 1   

2,2-DL.iothyl'}tl:ylenir:ino 
M^rxJholino 

71 
120 

j 
i " 1 • • 

Pyridino 115 .       «• 1 -, „ 
2-Me ihyipyrid ine 123 i     VB 1 " CO 

3-Msthyipyrid .'.no 144 1    °° CO fl 

4-Motrylpyr1dlno J43 m 1 CO :. 
2,6-DIra^t'iylp.vTldino 143 1   {cr> c 

! \e h 
)ld, 

*   i 

a 3 

2-Vinylpyridine i.../ ;     van YS V!3 

''Tho following abbreviations aro used to ladioata th. 
bilitioe of the additives: <», infinitely soluble; 
V8, very solublftj a, aoluble; as, 3ligiitly ao? 
vaa, very slightly soluble. 

^Ho data aro available f.sr this corpornd. 

8'xU- 

uble; 

EEuTKICUiD 



4 KACA BM No. 26L05a 

In addition to r-r.3 itadc with adciitive-water solutions a3 internal 
coolants, runs wore also made with waver alone as the internal coolant. 

The additive-water solutions were prepared at thij laboratory from 
commercial-3re.de compounds ar.d diatilled vater. The 2,2-iimethylethylon- 
imino and the iari-tutylarine compounds \roro  net available cTniiorcially 
ar.d wore propared at this laboratory. The correct concentration of^ 
2,6-dimethyxpyr'dine cculu be maintained only at temooratures of 20' C 
or leas. This solution :ras kept in «u» ice bath while being run. 

The E-orits r>f tha internal-Coolant solutions vorc determined by 
the effect of the ooolant on the Kr.jcr-i'&ited perf "nuance of AN-F-2C, 
Amond:.ient-2, fuel. A elngio batch of this fuel was UGOI in this present 
invesiiga-'-ijn and in tba investigations reported in references 2 and 3. 

In ord;r to avoid c)nf:>olon, tho following definition* are used: 

(1) Fuol: AN-F-2E!, taecdaent-9, used r.s taao fuel 

(2) iAter-fuel ratio: weight ratio of water containing no 
additive to AN-F-3£, Ara.;ndriertt-2, fuel 

(3) Additive-water ratio: weight ratio of pure additive to water 

(4) Internal ooolant: uither pure wator or additive-vator solution 

AI'PARATUS AND PROCEDURE 

The engine, auxiliary oquip'oer.t, and procedure of invoatigating 
the internal coolalit3 were the same as described in reforcnoe 3. The 
additive-water solutions wort- run at a coolant-fuel ratio of 0.53. 
Wator alone was run at coolant-fuel ratioe of 0.33 and 0.50 by weight. 

The following engine conditions were maintained constant through- 
out the program: 

Engino speed, rpi:.. 2500 
Compression ratio 7.0 
Spark udvanco, deg B.T.C   30 
Inlet-air teaporaturo, °F   250 
Jacket touporaturo, °F  250 

4 



IJACA BM No, K6LJ5a 

rHES'SKTAIIOK AMD DISCUSSI">:i OF RESULTS 

Knock-limited indicated moan effective pressures and indicated 
specific fuel cons'unptions plotted against fuel-air ratio fcr fuel 
with and without water as an internal coolant are presented in 
figure 1. Similar data fur fuel with internal-coolant solutions 
containing 70-poroont wat-r by weight and 30-porcont of each of the 
21 additives are presented in figures 2 to 4. 

The following table indicates the reproducibtlity of the data 
by giving ratioa of arithtnet<ca!-iaoan deviation to average knock- 
limited indicated ;.;oan effectivr pressure (oxprssned as percentage) 
as determined frci' the runs of fuel alone and wit."', water ao an 
internal coolant: 

Wator-fuo3 
ratio 

I Ratio of aritiaietica] -moan deviation 
lumber      to knoc'"-li:.iited Imop 

(percent)  

0 
0.50 

of 
runs Fuoi- 

T. 
air ratio 

0.03jo.oe;C'.O7 

3.4 \Z. 
 Is, 

3' ** o ,£..3 
5 il.O 

0.C-3 O.ODiO.K) 

12.0 
U.7 
1.8 

Tho ,raiuea in thia table were dotjrainod from runu made at intervals 
throughout the prograu and indicato that a good degree of rrproduci- 
bility was obtained. The roproftucibility of the knock-limited 
performance when using internal-coolant additives, however, was not 
chockod b'.cauBe of limited supplies. 

T)io results obtained in this investigation aro pi*esented in 
table I In terms of the ratios of the knock-limited indicated mean 
effective pressureJ obtained when using coolant additives to those 
obtained when using wator alone at two different wator-fuel ratioa. 
Tho upper and lover valu03 were determined by the following ratioa: 

tipper value, 

knock-ltmitol Igaj of O.oO (0.30 additive + '.70 water) + 0.50 fuel 

knock-liuitod imop of 0.35 water 4 0.65 fuel 
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lower value, 

knock-limited inep of 0.5i> (C.TiU aiajUive + 0.70 water) 
knc-ck-lir.itcd imep of 0.50 water + 0.50 fuol 

0.50 fuel 

An upper value abcvo 1.C0 indicates that the addition of tho 
odd'.tive raised the knock limit, This improvement In knock-United 
performance can be attributad to the effect cf the additive aa an 
antiknock af;ont end to the improvement in cooling resulting frun the 
addition of more internal co-lant per pound of fuel. A ."owor value 
above 1,00 indicate that the additive raised the knock limit a 
greater amount tlian an equivalent amount of water. As before, this 
improvement -iay result from the antiknock quality ?f  tho additive aa 
well, as tho cooling properties. fk*cn thin discusuion, an upper value 
above 1.00 together with a lover mlue below 1.00 therefore denotes 
that the addltivo rai3ed the knock limit but not as much as an 
equivalent amount of water. 

Monoamylomine, dietlianolanino, 2,2-dimothylethylenimino, and 
morpholine were less offoctive than water as internal coolants for 
all values of fuel-air ratio. Jfthai.olamino and 2-airdno-2-mcthyl- 
1-propanol wero more effective tlian water as internal coolants at 
fuel-a'.r ratios greater than 0.C93 but wore less effective than 
water at lower fuel-air ration, The alky] amino3 (with the excep- 
tion of mon.amy!a';ine), the amides, and the heterocyclic compounds 
(with tho exception of 2,2-dijr.othyJ.othylonimine and morpholine) wore 
au;re effective than water as internal 'coolants for m^at values of 
fuel-air ratio. 

The bar graph {fig. 5) compares at fuel-air ratios of 0.06, 
0.08, and 0.10 the effectiveness of the internal-coolant odditivo3 
run diiring thic •'nvesti^ation with that of six internal coolants 
previously reported in reference 3, The values usod In the graph 
are ratios of tho knock-limited indicated moan offoctive prossure 
permitted with an additive-water solution as the internal coolant 
to that permitted with water alone as the internal coj.iant at a 
coolant-fuel ratio of 0.50. Monrmethylamino, d'jaethylamine, and 
ethylenediaulnc are more effective as internal-coolant additives 
than an;-- of the other 2* compounds. 

SUMMARY OF RE3ULTS 

The results of Investigations cf water solutions of four nlkyi 
amines, three alkan"'lamino3, six amides, and eitjht heterocyclic 
comp unds as intc-rnal-coolant additives in a CF3 ongino may be 
summarized as follows: 
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1, Three alkyl amlnea, the six amides, and six heterccycllc 
compounds were more effective than water as internal coolants fcr 
most valuea of fuel-fir ratio. 

2, Monoamylnjriino, diethanolemine, 2,C-dimethyletliylenimino, 
and morpholino wore leas offoctive th-m water H internal coolants 
for all values of fuel-air ratio,    Ethanolrmine and 2-^mino- 
2-mothyl-l-propanol raised the knock limit at fuel-air ratios 
greater than 0.09?. 

3, lhe 21 compounds isivoati^atod were loss effective in 
raising the knock limit than nionomethyleraine, dimethyl amlne, and 
ethylenediamine, which were previously investigated. 

Aircraft Engine Fcser.rch Laboratory, 
National Advisory Committee for Aeronautics, 

Cleveland, Ohio. 
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TABU I - QMiARY OF AOTECNOCK W»JXTOTBS OF VARIOUS 

CCSiPOUHTS A3 ISDFKHAL-OdlAUT APDITIVKJ 

[CFP engine; AII-F-2&, Amondnent-2, foal] engine, apeed, 2500 rpn; 
.irescion ratio,  "'.0; apar.'v aivance, 20° B.T.C.;  Inlet-air toraper- 

tturo, 250'' F; ^uc'.cct temperature, 250° F.    For each additive thore 
ore tin r-iws of value-.,    i're I'Pjjer value Is tha ratio 

laiock-limited top of O.JO (0.50 additive + C.70 wr.ter) + 0.50 f-.-ol 

knoct-llult«d Uwp of 0,35 water + 0,65 fuel 

The lower value la the ratio 

Knock.limited i.-^  of 0.50_ (<\3;. a^.dltivo + G.7Q yatoi-) + 0.50 fujjj 

knoc':-liraited irsop of 0.50 water + 0.50 fuel J 

Adult:, vo 

AUyl amin.ie 
Iaopropylnmlne 

Iooiutylanlno 

tert-3utylaaii;o 

o.osfo.oelo.o 
Fucl-alr ratio0, 

0.0tJ;0:09 

L.01 
.97 

1.14 1.30 
l.i 0 1.10 

1.1711.23 1.39 
1.12 1.0811.18 

1.14 1.12 
1.07j   .96 

1.88|1.3I 
1.20jl,15 

1.10 

: 

1 
1.05 1.16 1.3711.21 1.21 

00 1. 

Moncwylanlaa (nixed iaonero)    .C4i  .96j1.Oni1.04'1.02 

Alicanolan.inee 
j     Ethnnolauj no 

I 
Di f?thanolara' ne 

2 -Aniao-2-na1 hjrl-l-propanol 

0.77 0.66 1.13 
,74|   .76'   .96 

.60:----, --— 

.66—- —- 

*l_i    1  .91 

.771   .CGI 
,74|   .76 

1.04ll.J9 
.P8j   .86 

i 
.62!   .77 
.50 j   .67 

.97 1.06 

.91;   .95 

1.01 
.99 

1.03 
1.07 

1.02 
1.00 

.92 j 
• so I 

1.25 I 
1.23 

.73 

.72 

1.04 
1.02 

^he compounds wero not oonaidered aa fuels and the heats of 
c^riLuation worcs noyDected in computing the fuel-air ratios. 

NATIONAL ADVTS'JKY COMMITTKi: FOE ATROKAUTICS 
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TABT,1: I - OTMMHT Or AI.l'UOUXK IffFSCTIVBSBBS OF VARIOUS 

COMPOUNDS AS lOT^IJ^L-COCLAMT ADDITIVES - Continued 

Additive I iV.3J.-air rntio8 ! 

i0.05|o!b6l0.b7jb.0i   \OD^O,1C~ 
AJdoa 
Formou'd? 

H-Ethylf -->rjna' idr 

R-Bthylaootacido 

K-lthylprcpionanlde 

K, N-Dl^e* j^'li'oriia'nide 

Jl.04 
oc. 

1.07 
1.02 

.59 

.95 

1.03 
I   .89 

.93 
!   ,o9 

H,H-Dl«thylaootatilde       j .-3 

1.04 1.30 
.92)1.11 

1.1911.33 
1.0511.13 

1.18 1.26 
1,04 1.08 

1.2211.38 

1.11 

1.26 
1.21 

1.20 

T 
1.27 1.13 
1.12 1.10 

1.24 1.07 
1.09 1.05 

1.22 1.04 
1.12 \.07il.U2 

1.23 
1.0811.17 1.16 

l.llll.2611.13 
.98|1.07 1.06 

1.1011.26 l.lfl 
l.ir. » tfs, .97*1.or 

Heterccycli; c asr .undo 
2,2-ri;uet:ij-lo t:-.;-xe;iim 

Morpholino 

Pyridine 

2-MetIr/!pyridina 

S-Mothylpji'ldine 

4-Meth,-Cp-.i-ldine 

2,6 -Dl:ao th,vlr irld J no 

2-Vinylpyridine 

no|0.:2 
.7i' 

.79 

.76 

.3° 

.94 

.96 

.89 

.93 

.92 

.90 

.86 

ll.OJ 

0.91(1.OS 
.601   .93 

: 
.e-aii.06 
.77    .90 

1.16 i.se 
1.02'?..17 

I 
1.12 1.37 
.S9;i.l6 

1.12J1.32 
.9911.12 

1.12 1.36 
.96,1.18 

l.is|l.37 
.99,1.16 

0.99 
.93 

1.01. 
.35 

1.27 
?..19 

1.30 
1.22 

1.19 
1.12 

1.29J3.09 
1.12 1.06 

1.12   .ye 
.991 .94 

1.10' 
,961 .?4 

I.e." j0.97 
.31 j   .95 

.931   .89 
-C5!   .87 

1.25 
1.10 

1.25 
1.10 

1.03 
1.01 

1.06 
1.03 

1.2611.05 
1.10 1.03 

1.06 1.3211.27 
1.24J1.1Z 1 

1.25 1.2C 
1.17 1.13 

1 

1.24.3.31 1.2411.22 
jl. )5J1.09iI.^|1.16Jl.n7 

1.05 
1.03 

1.07 
1.04 

^he caupTvindj; Wore no'; cvnsj.dei-ed as fuels and the hc-ata 
of curfbuoti'.n ware nexjiecced Jn cajputlrj the fool-air 
ratios. 

ft.TIOPAj, ADVIJCKi' CeHMITTJ'T FOR AERONAUTICS 
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a 
o 

•o 

(•) la Internal coolant. (b| Internal coolant, water. 
PI gar* 1. - street of water aa Internal ooolant on knock-llnl ud performance of M-P-Z8, tmtf- 

aest-a, fuel,    OFH MtiRlnP! encl" apeed, 2500 rpai coanreaalon ratio, 7.0;  spark advance, 
30° B.T.c.1 lnirt-alr tenpiratur*, »»0» fi Jacket temperature, 250° F. 
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.8 

Fig.    2 

I 

.4 

Sl'O 

2 

a 
lhO 

Fuel«alr ratio 

(m) Internal-coolar-t additives, alkyl amines,    (b) Internal-coolant addltlvea, alaano 
amines. 

Figure 2. - Bfrect or varloua alkyl amines and alkanolamlnea aa Intornal-coolant additives 
on knock-limited performance of AM-P-2tt,  Anendment-2,  fuel.    CFR engine; engine speed, 
2500 rpm) compression ratio, 7.0;  spark advance, 30° B.T.C.:  Inlet-a'.I   temperature, 250° F| 
Jacket temperature, S»0o F. 
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